To analyze the influence of consanguinity and maternal education on stillbirth and infant death for children born in Norway between 1967 and 1993, the authors studied 7,274 children of ethnic Pakistani origin and 1,431,055 children of Norwegian ethnic origin. Of these children, 31.0% of the Pakistani children and 0.1 % of the Norwegian children had parents who were first cousins. Consanguinity increased the relative risk of stillbirth (odds ratio (OR) = 1.3, 95% confidence interval (Cl) 1.0-1.6) and infant death (OR = 2.4, 95% Cl 2.0-3.0), after adjustment for maternal education, maternal age, parity, and year of birth. In 1985-1993, 29% (95% Cl 13-45) of stillbirths and infant deaths among the Pakistani group were attributable to consanguinity. In the Norwegian group, 17% (95% Cl 13-21) of the deaths were attributable to factors associated with low maternal education, while in the Pakistani group, the corresponding estimate was nonsignificant. The risks of stillbirth and infant death were similar for children with non-consanguineous parents in both populations. This is an important observation considering the differences in socioeconomic status between the two groups. The authors conclude that consanguinity influenced stillbirth and infant death independent of maternal education, and that a large proportion of deaths could be attributed to consanguinity in the Pakistani group due to high frequencies of consanguinity. Am J Epidemiol 1998; 148:452-9.
Consanguinity, defined as marriage between close relatives, increases the risk of stillbirth and infant death (1-3), but the extent to which socioeconomic conditions can account for this association is disputed (2, 4, 5) .
In 1987, a meta-analysis of studies on prereproductive death (before 20 years of age) and consanguinity (2) concluded that the proportion of deaths attributable to consanguinity was low in all the populations considered. Since the publication of that meta-analysis, it has become clear that the attributable risk of early death due to consanguinity seems to be increasing globally. Consanguinity appears to be more prevalent than was estimated about 10 years ago (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) , and in many populations where consanguinity is prevalent, the frequency of consanguinity does not decline (6, 18) . Several of the populations with high rates of consanguineous marriages now experience decreasing or low rates of mortality due to social and economic development and migration to wealthier countries, and it has been postulated that the relative influence of consanguinity may be larger when mortality rates are low (2) . Consanguinity influences stillbirth and infant mortality mainly by increasing the frequency of autosomal recessive diseases (1) . In addition, a slight increase in the frequency of diseases with a polygenic etiology is considered to play a role (1) .
British and Norwegian studies have reported higher mortality rates among children of Pakistani immigrants than in other ethnic groups (19) (20) (21) . Parental consanguinity has been found to be related to these mortality differences (19, 21) , but there has been little attempt to control for the influence of social class, even though it is established that in most populations consanguinity is more prevalent among parents with low socioeconomic status (8, (22) (23) (24) (25) (26) .
The aims of this study were to estimate the risk of stillbirth and infant death in Norway among children whose parents were ethnic Norwegians or ethnic Pakistanis in order to: 1) estimate the relative risks and population attributable risks associated with consanguinity and maternal education within each population group, 2) analyze whether consanguinity is a risk factor for stillbirth and infant death after socioeconomic factors are controlled for, and 3) explore whether consanguinity and differences in socioeconomic factors, such as maternal education, explain risk differences between the two populations.
MATERIALS AND METHODS
The study population consisted of the 7,494 children who had two parents of ethnic Pakistani origin and the 1,448,766 children who had two parents of ethnic Norwegian origin and who were born in Norway between 1967 and 1993. For simplicity, the two groups will be referred to as "Pakistani" and "Norwegian," regardless of citizenship and that none of the children were immigrants. Births missing information on whether the child was still alive or not by December 31, 1993 (11 births in the Norwegian group), on parental consanguinity (13,153 births; 0.9 percent of the Norwegians, 2.6 percent of the Pakistanis), and on parity (5,773 births; 0.4 percent of the Norwegians and 0.6 percent of the Pakistanis) were excluded. The final sample consisted of 7,274 Pakistani births and 1,431,055 Norwegian births. Information on survival of the child, consanguinity between parents, maternal age, parity, and year of birth was obtained from the Medical Birth Registry of Norway (27) , which has collected data on all births from 1967 and onward. Data for parental country of origin and maternal educational level obtained by 1990 were linked to the Birth Registry by Statistics Norway. Maternal educational levels for the total population were obtained from a census conducted in 1990. The categorization and distributions for the variables are shown in table 1.
The outcomes were 1) stillbirth rate-number of stillborn infants with gestational age S16 weeks per 1,000 births, and 2) infant mortality-number of deaths in the first year of life per 1,000 live births. Early mortality is the sum of stillbirths and infant deaths per 1,000 births. Parental relations were categorized as "not consanguineous," "first cousins or closer," or "other consanguineous relations." In the Norwegian group, most of the parents assigned to the category with "other consanguineous relations" were related in more distant ways than first cousins, while, in the Pakistani group, most of them were related in an unspecified way (Appendix table) . Consanguinity is routinely recorded on a standardized form when the mother undergoes her first pregnancy control, usually before 12 weeks of gestation.
Because risk estimates were similar for the two consanguineous categories in the Pakistani group, data from first cousins and other relations were pooled for some analyses. Mothers' education in years was used as a measure of socioeconomic status. The proportion of children with consanguineous parents was larger among those whose mothers' educational level was less than 10 years or missing, compared with those with higher educational levels (table 2). 
Statistical methods
Multivariate logistic regression analyses were conducted (28, 29) to estimate relative risks of stillbirth, infant death, or early death. Relative risks were calculated as odds ratios with 95 percent confidence intervals according to ethnic group, parental consanguinity, and maternal educational levels. Odds ratios were adjusted for maternal age, parity, and year of birth. All models were tested for significant two-way interactions (28, 29) . Population attributable risks (AR) of early death for consanguinity and low maternal education were calculated for the latest period, 1985-1993, using the formula
where p is the prevalence of the risk factor (consanguinity or maternal education), and RR is the relative risk associated with the factor (30) . The relative risks were approximated by odds ratios obtained from logistic regression models. We used a Monte Carlo resampling technique to obtain confidence intervals for the attributable risks. For a particular estimate of the attributable risk, the estimated exposure prevalence (p) and the log odds ratio was used with their estimated standard errors, assuming normal distributions, to produce 5,000 independent pairs of p and the odds ratio. The formula above was then used to obtain 5,000 replicates of the attributable risk. The standard error of the attributable risk obtained from this set was then used to calculate 95 percent confidence intervals.
RESULTS

Consanguinity
A nonsignificant increased risk of stillbirth was observed in infants of consanguineous parents (odds ratio (OR) = 1.3, 95 percent confidence interval (CI) 1.0-1.6). This pattern was similar for the Norwegian and the Pakistani groups (table 3). The relative risk of infant death for first cousin parents from both populations was 2.4 (95 percent CI 2.0-3.0). Again, the pattern was similar for each of the two populations, although the relative risk of infant death was nonsignificantly higher for Norwegian first cousin parents than for the Pakistanis (table 3) . In addition, an increased infant mortality was associated with other consanguineous relations among the Pakistanis. The effects of consanguinity were independent of maternal education, maternal age, parity, and year of birth.
Maternal education
Among Norwegians, a significant negative association was found between maternal education and the risk for stillbirth and infant death (table 3) . For the Pakistanis, there was a nonsignificant high risk of infant mortality among infants whose mothers had low or missing information on education. Effects due to maternal age and parity slightly modified the influence of maternal education on infant death in the Norwegian group.
Comparison between the Pakistani and the Norwegian group
The Pakistani group as a whole experienced higher mortality than the Norwegian group, with relative risks of 1.3 for stillbirth and 1.7 for infant death after adjustment for year of birth (table 4; model 1). There were no significant risk differences between the Norwegian and Pakistani groups after adjusting for consanguinity (model 2). The results presented in table 3 indicate that, in the Norwegian group, maternal education had an effect on stillbirth and infant death. In the Pakistani group, by contrast, maternal education had no effect on stillbirth and only a possible effect on infant death. However, adjustment for maternal education was made under the assumption that maternal education had similar effects in the two populations (model 3). The difference in the risk of stillbirth disappeared after adjustment for maternal education, and the difference in the risk of infant death was reduced. Maternal age and parity were associated with the risk of death, but the effects of these variables did not explain risk differences between the two populations (model 4). After adjusting for both consanguinity and maternal education, no risk differences between the groups were found (models 5 and 6).
Population attributable risk
During the study period, stillbirth and infant mortality decreased in both groups, and maternal educational levels increased considerably in the Norwegian group. Population attributable risks were therefore presented for 1985-1993 to illustrate the present situation better. In this period, the relative risk of early death due to consanguinity was approximately 2.0 in both populations (table 5) . However, 29 percent of early deaths could be attributed to consanguinity in the Pakistani group compared with 0.1 percent in the Norwegian population. The attributable risk associated with <13 years of maternal education accounted for 17 percent of early deaths in the Norwegian group, but was not significant for the Pakistani group (table 5) .
DISCUSSION
The strength of this study is that it was populationbased, included two well-defined subpopulations with different histories and frequencies of consanguinity, and included a large number of births from consanguineous parents. The most prominent findings were: 1) Consanguinity influenced the risk of early death independent of maternal education. 2) Consanguinity was similarly associated with early death in the two populations despite different frequencies and histories of consanguinity. 3) Mortality rates were the same for children with non-consanguineous parents in both populations, even though the Pakistani parents originate from a country with high mortality rates and have lower socioeconomic status in Norway. 4) High frequencies of consanguinity had a large impact, measured as attributable risk, on public health in a population with low mortality rates. 5) In agreement with other studies (2, 7), consanguinity influenced stillbirth only slightly, while the risk of infant death increased significantly in both populations.
These findings are of general interest because the results for the Pakistani population in Norway may reflect similar trends for other populations where consanguinity is favored and early mortality is declining. 
Data quality
Data quality may have influenced the results. There were no indications of differential selection of fetuses between the two populations, but differential selection between fetuses with consanguineous and nonconsanguineous parents can not be ruled out. A linkage with Statistics Norway ensures an almost complete registration of births and infant deaths. Registration of stillbirths with more than 28 weeks of gestation are considered to be similarly complete, while there is some uncertainty about stillbirths with 16-28 weeks of gestation. However, the proportion of early stillbirths was the same in the two populations, and independent of maternal education, maternal age, and parity. The proportion of early stillbirths increased from the first to the last time period in both population groups, probably reflecting more complete recording of stillbirth.
Underreporting or misclassification of consanguinity is probable in both populations. To investigate the validity of the data, all records were sorted in families and reanalyzed based on the assumption that if at least one child in a family was recorded with consanguineous parents all the siblings had consanguineous parents. As a result, the proportion of children with consanguineous parents increased from 40.4 percent to 54.5 percent among the Pakistanis, and the proportion with first cousin parents increased from 0.1 percent to 0.2 percent among the Norwegians. The corresponding relative and attributable risks for stillbirth and infant death changed only slightly, and the confidence intervals were overlapping. All results were similar to Stillbirth, Infant Death, and Parental Consanguinity 457 those presented here (data not shown). The authors chose to use the conservative estimates of frequency of consanguinity in the present study, although the family approach described above is probably more valid (18, 19) .
In the analysis, all other consanguineous relations than first cousins were combined into one category (Appendix table) . The composition of the category "other consanguineous relations" varied between the two populations, as well as the results. This reflects that most of the Norwegians with "other consanguineous relations" were more distantly related than first cousins, while for the Pakistanis a majority were classified as "non-specified relations," which probably includes many first cousins or even closer relations, such as double first cousins.
Information on maternal educational level was missing for a large percentage of the Pakistanis. However, analysis without this group yielded results that were almost identical, but with broader confidence intervals. Mothers who had missing information on education resembled those with the lowest level of education on frequency of consanguinity (table 2) and early death, and on the distribution of maternal age and parity. These associations with other variables supported the use of maternal education as a measure of socioeconomic conditions in this study. The small proportion of mothers with higher education, and the large proportion with missing data on education may have hidden a relation between maternal education and stillbirth or infant death in the Pakistani group. However, there were similar problems with other measures of socioeconomic conditions, such as father's education, and we chose to use maternal education as a simple measure of socioeconomic conditions because of its well-documented influence in the Norwegian group (31, 32) . All the analyses were performed with paternal education instead of maternal education, and with both maternal and paternal education. The results for the influence of education on the risk of early death varied somewhat, while the results for the influence of consanguinity were nearly identical independent of choice of measure of socioeconomic conditions.
Consanguinity and early death
In this study, the effect size of consanguinity on stillbirth and on all early deaths was the same in the two groups, but slightly higher for infant death in the Norwegian first-cousin group compared with either of the Pakistani consanguineous groups. The differences were not statistically significant. Based on findings in a British study (33) , one would expect that the degree of inbreeding among the Pakistanis was greater than estimated for first cousins due to generations of consanguinity. The present data do not indicate that Pakistani first cousins are more closely related than Norwegian first cousins.
Mortality rates among children with non-consanguineous parents in Norway were low by all international and historical standards, and it has been suggested that the influence of consanguinity on early death should be greater than in populations with higher mortality rates (2) . In this study, relative risks of infant death associated with consanguinity were higher than the median relative risk of several other studies, but well within the range observed in these studies (2) .
Maternal education and early death
In agreement with previous results from a subset of the present data (31, 32) we found that low maternal education significantly increased the risk of early death in the Norwegian group. Early mortality rates are high in Pakistan (34, 35) . However, the association between maternal education and early death in the Pakistani group in Norway was uncertain, although the relative risk estimates indicated a similar trend as in the Norwegian group for infant death. Possible reasons for the differential importance of maternal education are that 1) maternal education is not an appropriate measure of social class among Pakistanis in Norway, 2) only a small percentage of the Pakistanis had higher education, 3) the large proportion of missing information conceals a relation between maternal education and early death in the Pakistani group, or 4) the influence of socioeconomic conditions in the Pakistani population is really lower than in the Norwegian population. Probable mediators between low maternal education and early mortality include nutritional deficiencies, infections, and cigarette smoking. It is not known whether these risk factors vary for the two populations, but clinical experience indicates that cigarette smoking and alcohol consumption is extremely rare among Pakistani women in Norway, and significant nutritional differences have been shown in studies on vitamin D and iron (36, 37) .
In addition, considerable theoretical problems arise when comparing the effects of education across ethnic groups and over time, and especially when maternal education is the only indicator of social class.
In conclusion, the present study indicates that the most important aspect of the relation between social class and early mortality among Pakistanis in Norway is the greater frequency of consanguinity among those with lower education. Analyses based on better measures of social class will probably not change these results dramatically, but can add useful information on 
